food web, plays a critical role in regulating the structure, 49 function and productivity of shelf ecosystems and affecting 50 fish recruitment success [e.g., Cushing, 1990] . Examining 51 the response of phytoplankton dynamics to observed 52 increases in freshening will be important to our understand-53 ing of how climate change can impact higher trophic levels 54 and shelf ecosystem dynamics. 
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Atlantic Bight [Wiebe et al., 2002] Thomas et al. [2003] ). Then a time series of CHL concen-106 tration at each pixel was formed for the first 4 months 107 (January 1st to April 30th) of each year, followed by a 108 Gaussian smoothing (with s = 1 day) to remove noise in the 109 time series. The first peak in the time series (considered here 110 as the spring bloom) is defined by the CHL concentration 111 exceeding 2 mg/l and also being greater than the mean value 112 by two standard deviations of the whole (4-month) series. 113 The time (year day) when such peaks occur is denoted as 114 T SPB . The monthly-average CHL concentrations were also 115 computed for each zone. Additionally, monthly-averaged, 116 gridded net primary production (NPP) data were retrieved 117 from the Oregon State University Ocean Productivity web-118 site (http://web.science.oregonstate.edu/ocean.productivity/ 119 index.php). This dataset has a 10 0 Â 10 0 resolution and 120 was derived from a CHL-based model called the Vertically 121 Generalized Production Model (VGPM) [Behrenfeld and 122 Falkowski, 1997] . We averaged the NPP data for each of our 123 seven zones from May to June of each year in order to 124 determine the mean productivity of the post-bloom period. 137 to Zone 7 in the western GoM is greater than three months 138 [Mountain and Manning, 1994] , suggesting that it is the 139 difference in timing of the blooms among the zones that 140 causes the seeming progression in space.
141
[7] We maintain that the spatial gradient of SSS from the 142 Scotian Shelf to the GoM (Figure 2 , bottom) is responsible 143 for the westward progression of the bloom. The classical 144 theory of spring phytoplankton blooms holds that the timing 145 of onset of the SPB is controlled primarily by changes in 146 water column stability during the winter-spring period, as 147 suggested by Sverdrup [1953] and the later-developed 148 critical turbulence theory [e.g., Townsend et al., 1992; 149 Huisman et al., 1999] . The former indicates that the bloom 150 can only occur when the surface mixing layer is shallower 151 than the critical depth, while the latter proposed that blooms 152 can occur even in the absence of vertical stratification, as 153 long as the vertical turbulent mixing rates are less than 154 certain critical level. Both theories converge to the point that 155 as the water column becomes more stabilized, phytoplank-156 ton blooms are more likely to develop.
157
[8] For the deeper parts of the NSS-GoM region (bottom 158 depth >100 m), our analysis of the historical hydrographic 159 data suggests that the variability of SSS can explain nearly 160 all ($97%) the variability of surface water density in the 161 NSS and the eastern GoM region during winter-spring time, 162 and about 40-60% (zone-dependent) of the variability of 163 MLD (which could be affected by many other factors 164 including surface wind forcing, physical properties of the 165 underlying water, and shelf-slope frontal dynamics). The 166 statistical analysis suggests that, in general, the fresher 167 surface water in the upstream zones is more vertically stable 168 with shallower MLD (Figure 2, 234 nutrient concentrations as well as the timing of bloom 235 progression. The impact of freshening on nutrient replen-236 ishment and overall productivity would become more 237 noticeable as nutrients become more limiting (lower than 238 half-saturation constant) for photosynthesis during the post-239 bloom season. By examining the mean surface CHL and 240 NPP in the seven zones in later spring (May -Jun) 241 (Figure 4) , it is clear that the mean surface phytoplankton 242 biomass and productivity during the post-bloom season 243 exhibit a general spatial gradient (Figure 4 ) similar to T SPB , 244 with both CHL and NPP almost doubled in the western 245 GoM (downstream) compared to the areas further to the east 246 and upstream. This pattern is consistent with the assumption 247 that there is greater mixing of surface waters in the western 248 zones with nutrient-rich deeper waters in the GoM, increas-249 ing the nutrient supply and thus enhancing the integrated 250 productivity.
251
[11] It is worth noting here that although interannual 252 variability in mean CHL and NPP is significant (one-way 253 ANOVA, p < 0.001) across the seven zones (Figure 4) , their 254 correlation with interannual SSS anomalies is less clear and 255 requires further investigation. We have not discussed in this 256 short communication, the potential impact of other remote 257 and local forcings on the SPB dynamics, but earlier studies 258 [e.g., Townsend and Spinard, 1986; Thomas et al., 2003] 259 have suggested that bloom dynamics and primary produc-260 tivity in the GoM could be influenced by the interannual 261 variability of Warm Slope Water intrusions at depth and 262 along the bottom (in response to North Atlantic Oscillation). 
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Figure 4. Spatial gradients (from Zone 1 to 7) of (top) CHL and (bottom) NPP averaged over May and June in years 1998 -2006. 
